Research on solving mathematical word problems suggests that students may perform better on problems with a close to real-life representation of the problem situation than on word problems. In this study we pursued reallife representation by a mainly depictive representation of the problem situation, mostly by photographs. The prediction that students perform better on problems with a depictive representation of the problem situation than on comparable word problems was tested in a randomised controlled trial with 31,842 students, aged 10-20 years, from primary and secondary education. The conclusion was that students scored significantly higher on problems with a depictive representation of the problem situation, but with a very small effect size of Cohen's d = 0.09. The results of this research are likely to be relevant for evaluations of mathematics education where word problems are used to evaluate the mathematical capacity of students.
Introduction
In mathematics education worldwide it is common practice (Verschaffel, Greer, & De Corte, 2000; Verschaffel, Greer, Van Dooren, & Mukhopadhyay, 2009) to use word problems to teach and assess students in the domain of solving quantitative problems from real life. Word problems can be defined as: "verbal descriptions of problem situations wherein one or more questions are raised, the answer to which can be obtained by the application of mathematical operations to numerical data available in the problem statement" (Verschaffel et al., 2000, p. ix) Word problems can be seen as a special genre of contextual mathematics problems. Many studies and discourses, however, give rise to serious concerns as to whether word problems foster or accurately assess students' potential to solve quantitative problems from everyday life (Gellert & Jablonka, 2009; Gerofsky, 2009 Gerofsky, , 2010 Gravemeijer, 1997; Greer, 1997; Roth, 2009) . Students very often do not succeed in bridging the gap between their school mathematical knowledge and representations of real-life situations in word problems (Boaler, 1993) . Studies show that students in a classroom setting persistently approach word problems with a calculational orientation (Thompson, Philipp, Thompson, & Boyd, 1994 ) and typically do not take into account realistic considerations about the problem situation (Cooper & Harries, 2002 Dewolf, Van Dooren, Ev Cimen, & Verschaffel, 2014; Dewolf, Van Dooren, Hermens, & Verschaffel, 2015; Verschaffel, Corte, & Lasure, 1994) . This behaviour leads to underachievement; the students do not make sense of the problem situation, and hence cannot show their full potential in solving problems from daily life. There are indications from several studies that this effect might be counteracted or avoided by making the problem situations or the representation of the problem situations more authentic for the students (Palm, 2002 (Palm, , 2006 (Palm, , 2008 (Palm, , 2009 Verschaffel et al., 2009) .
For the study reported here we designed an alternative to existing word problems whereby a descriptive representation of the problem situation, as is common in word problems, was replaced as much as possible with a depictive representation of the problem situation that we assumed to be closer to real life. In the design process we paid special attention to the real-life familiarity and relevance of the chosen images. We called the resulting problems "image-rich numeracy problems". In the spirit of the aforementioned definition of word problems, we suggested the following definition for image-rich numeracy problems: Image-rich numeracy problems can be defined as visual representations of a problem situation wherein one or more questions are raised, the answer to which can be obtained by the application of mathematical reasoning to numerical data available in the problem representation.
T
In our study we compared students' performance on word problems with their performance on image-rich numeracy problems, which were mathematically equivalent to the word problems and in which images were used to make the problem situation closer to students' real-life experiences. We designed an instrument to compare students' performance; this consisted of a web-based test with 21 paired problems. The instrument was used in a randomised controlled trial with over 32.000 Dutch students.
The primary aim of this study was to establish whether the performance of students changed due to changing the representation of the problem situation. Given the difficulties that have been reported with word problems, we predicted that the performances could be better, because some of the aforementioned difficulties with word problems and the resulting underachievement could be counteracted with the change of representation. The ubiquitous use of word problems in mathematical assessment all over the world makes this research relevant for practitioners and test developers from many countries. The next section elaborates on the difficulties that were reported in using word problems in schools and how we explored ways to counteract them by changing the representation of the problem situation.
Theoretical background

Difficulties with word problems
Over the last 20 years the use of word problems in assessing mathematical potential in solving real-life problems has been intensively researched. Many research findings mention serious drawbacks of using straightforward word problems to assess students' mathematical potential (Verschaffel et al., 2000 (Verschaffel et al., , 2009 . Numerous studies on student behaviour when solving word problems report various student blockages in the problem-solving process (Galbraith & Stillman, 2006) . The most reported behaviour is that students base their analysis and calculations on a rather arbitrary association between certain salient quantitative elements of the problem situation and certain mathematical operations (Thompson et al., 1994; Verschaffel et al., 2000) . Studies of word problems further show that students tend not to consider the possible constraints imposed by reality (Caldwell, 1995; Cooper & Harries, 2003; Dewolf et al., 2015; Lave, 1992; Reusser & Stebler, 1997; Schoenfeld, 1992; Verschaffel et al., 1994 Verschaffel et al., , 2009 Wyndhamn & Säljö, 1997) . Students seem to value the bare outcome of the calculation more than the realism of the outcome. There is strong evidence that students approach word problems as "school math" problems and not as problems from real life. This behaviour of students is reported to be reinforced by teachers' approaches that tend to be more on the mathematical structure of the problem than on the contextual aspects (Depaepe, De Corte, & Verschaffel, 2010 ).
An explanation for this behaviour is the strong calculational orientation (Thompson et al., 1994 ) that for many decades has been, and to a great extent still is (Madison & Steen, 2008) , dominant in mathematics classrooms. Thompson et al. (1994) distinguish between a calculational approach in which the focus is primarily on procedures and operations with numbers, and a conceptual approach in which the focus is primarily on explaining, reasoning, and interpreting the quantitative situation. In the calculational approach, quantitative problems seem first and foremost to be used to train students in executing arithmetical operations. From this perspective, the representation of the problem situation is not an especially important aspect and the word problems are mainly straightforward. When teachers and students share a calculational orientation, they maintain a mathematics classroom culture based on implicit or explicit sociomathematical norms, in which solving word problems is limited to finding a calculation to perform without relating the outcomes to the original problems. (Gravemeijer, 1997; Yackel & Cobb, 1995) .
The use of superficial strategies and dissociation from reality in problem-solving with word problems has become known as "suspension of sense-making" (Reusser & Stebler, 1997; Schoenfeld, 1991; Verschaffel et al., 2000) . This phenomenon is quite persistent in classroom situations and has generated serious concern as to whether students can show their full potential in solving quantitative real-life problems when confronted with word problems in a classroom or in an assessment setting.
Counteracting difficulties with word problems
Many attempts have been made to counteract or avoid the calculational approach and the suspension of sense-making by reinforcing a more conceptual approach by the students, for instance, by adapting word problems into less straightforward problems; by adding instructions for students to take realistic considerations; and by changing the setting in which problem-solving takes place (Cooper & Harries, 2002 DeFranco & Curcio, 1997; Dewolf, Van Dooren, & Verschaffel, 2011; Palm, 2009; Reusser & Stebler, 1997; Verschaffel et al., 2000; Wyndhamn & Säljö, 1997) . To counteract suspension of sense-making, most of these studies suggest making the problem situation or the representation of the problem situation more authentic for students, hence helping them to make sense of it and focus more on a conceptual approach.
Other researchers and practitioners question the feasibility of counteracting suspension of sense-making by adapting word problems. They advocate the creation of real-life situations in mathematics lessons in order to teach and assess students' potential to deal with quantitative problems from everyday life (Bonotto, 2007 (Bonotto, , 2009 Frankenstein, 2009; Lave, 1992; Zevenbergen & Zevenbergen, 2009 ). Bonotto (2007) recommends encouraging students to analyse mathematical facts embedded in appropriate "cultural artefacts", such as supermarket receipts, bottle and can labels, railway schedules, or a weekly TV guide. Although many of the arguments for using real-life situations to teach students relevant problem-solving skills are convincing, there is no widespread dissemination of such practices. Practical constraints and the persistent classroom culture of "getting to the right answer as quickly as possible" are mentioned as the main reasons (Verschaffel et al., 2000) . There is strong evidence that students are taught to approach word problems as "school maths" problems and not as problems of authentic life situations. This student behaviour is said to be reinforced by teachers' approaches that tend to foreground the mathematical structure of the problem rather than the contextual aspects (Depaepe et al., 2010) .
Towards a more effective design of depictive representations
In our particular attempt to design problems using images from reallife situations to avoid suspension of sense-making we took into account other studies that investigated the effect of using pictorial elements in contextual mathematical problems. Some of these studies may indicate a mitigating effect on the decrease of suspension of sense-making that we predicted.
In the early stages of educational psychology there was a focus on individual characteristics. The Dual Coding Theory (Paivio, 1986 ), for instance, categorised people as visual learners (visualisers) or verbal learners (verbalisers). Massa and Mayer (2006) , however, found no empirical evidence that in order to gain better results verbal learners should be given verbal instruction and visual learners should be given visual instruction. Instead they found that adding pictorial aids to an online lesson that was heavily text-based tended to help both visualisers and verbalisers. An earlier study by Plass, Chun, Mayer, and Leutner (1998) on learning a second language also concluded that a combination of text and pictures yielded better results in terms of learning outcomes than text alone. Research findings from this theoretical perspective add to the plausibility of our prediction. Mayer (2005) defined multimedia learning as learning from words (e.g., spoken or printed text) and pictures (e.g., illustrations, photos, maps, graphs, animation or video). Our image-rich numeracy problems fall into this definition because, next to the representation of the problem situation, the problem question is posed in words. Various studies from the perspective of multimedia learning suggest that, under the right conditions, the combination of text and pictures can promote better comprehension (Mayer, 2005) .
In other studies on using more depictive representations in (word) problem solving, lower scores (Berends & van Lieshout, 2009; Kaminski, Sloutsky, & Heckler, 2008) or no effect (Dewolf et al., 2014 (Dewolf et al., , 2015 have been reported. These studies differed from our study in the sense that images in our study were authentic situations, relevant and an integral part of the problem situation. In our design of image-rich numeracy problems we tried to keep as close as possible to the actual problems to be solved, to keep students as much as possible away from suspension of sense-making.
We have also considered research investigating specifically the solving of (word) problems by students, for instance, students of mixed ability, and their use of pictorial elements in the problem-solving process (Boonen, 2015; Hegarty, 2004; Krawec, 2014; Van Garderen & Montague, 2003; Van Garderen, 2006) . The results in these studies corroborate our chain of reasoning. These studies showed that when students in the solving process use drawings that are structured and relevant to the mathematical model needed, the performance of students improves. However, when they make drawings that are merely pictorial or not relevant, their performance is worse, as is to be expected.
Research on using text and pictures in lesson material not always points in the same direction. In recent years, research on performance in mathematical problems has been carried out from a Cognitive Load Theory perspective (Sweller, 2005 (Sweller, , 2010 . These studies show that redundancy of information, common when adding illustrations, can put extra cognitive load on students' working memories, and split-attention effects can occur when students have to jump between text and illustration elements (Berends & van Lieshout, 2009; Rasmussen & Bisanz, 2005; Scheiter, Gerjets, & Catrambone, 2006) . From this perspective, an opposite effect could occur on the student results, contrary to the positive effect we predicted on students' performance from using more real-life elements in the representation of problem situations.
An overall perspective is provided by research on the effect of depictive and descriptive representations on creativity and problem-solving (Schnotz & Bannert, 2003; Schnotz, 2002; Schnotz, Baadte, Müller, & Rasch, 2010) . Schnotz and Bannert (2003) concluded that task-appropriate graphics may support learning and task-inappropriate graphics may interfere with mental model construction. Schnotz et al. K. Hoogland et al. Studies in Educational Evaluation 58 (2018) 122-131 (2010) stated that to solve a quantitative problem, a task-oriented construction of a mental mathematical representation is necessary, provided that it is task-appropriate. Schnotz's line of reasoning is that depictive representations can help students make a relevant mathematical mental model of the situation, and that depictive representations have a high inferential power because the information can "be read off more directly from the representation" (p. 21). This perspective also added to the plausibility of our prediction.
The images used
In our study we selected as set of word problems that were used in a variety of high-stakes mathematics assessments of 10-20 years-old students in the Netherlands spread over several mathematical domains. As an alternative to each word problem we designed problems that could be used in regular assessment situations, and at the same time would be close to real-life problem situations, by changing the description of the problem situation to a mainly depictive representation. We replaced the verbal -sometimes verbose -representation of the problem situation with a representation that is visually connected to the quantitative problem at hand. With technologies such as digital cameras and on-screen presentations, this has become a feasible option in regular teaching and assessment situations. We followed the reasoning in Palm (2009) which states: "that a strong argument can be made that the fidelity of the simulations (…) clearly has an impact on the extent to which students, when dealing with school tasks, may engage in the mathematical activities attributed to the real situation that are simulated" (p. 9).
In our depictive representations, the problem situation was represented with images from real-life situations, in the form of photographs, headlines from newspapers and "handwritten" notes (see Fig. 1 ), and in that way augmenting the fidelity of the simulation, as advocated by Palm (2009) . We distinguished our research from research on word problem solving that uses or adds images that are less realistic or sometimes possibly confusing for students (Berends & van Lieshout, 2009; Dewolf et al., 2014 Dewolf et al., , 2015 .
Considering the evidence from the abovementioned research, we expected that the use of images depicting real situations would increase the students' association with real-life situations and problems and therefore would decrease suspension of sense-making and possibly the strong calculational orientation. In the trial, this was translated to the hypothesis that students scored better on our image-rich numeracy problems than on comparable word problems.
The hypothesis
In this study we predicted that students would score better on image-rich numeracy problems than on comparable (only) word problems. Theories and research from educational psychology indicate that it matters how authentic and relevant the used images are. Therefore, in our research project we designed image-rich numeracy problems that were as close as possible to the realistic problem they represented. The pairs of problems we designed, are available under open access (Hoogland & De Koning, 2013) . Subsequently, we put our prediction to the test. Assessing students' potential to solve quantitative problems from daily life is a multifaceted problem in which many factors play a role. In this study one variable, namely type of representation of the problem situation, was systematically varied. In our analysis we also took into account the interaction effects between the manipulated variable -descriptive versus depictive version -and background factors of the participants, such as school type, grade level, gender, ethnicity, and age. The number of collected data allowed for such an in-depth analysis, by which the possible interacting effects of these background variables could be ruled out. Considering the literature, we expected a positive but small effect. From our power analysis, therefore, we aimed at a number of participants well over 5000, so that inferences about a small effect could be drawn (Ellis, 2010) . This is elaborated on in the method section.
Method
For the international reader we provide information on the context in which the instrument was designed and trialled. In the Netherlands the relevance of the developed instrument is high, as in 2010 a "Referentiekader Taal en Rekenen" [Literacy and Numeracy Framework (LaNF)] was passed as law (Ministerie van OCW, 2009) . In this framework four content domains were formulated: numbers; proportions; measurement & geometry; and relations (tables, diagrams, graphs, formulas, etc.). The instrument we designed can be used by schools as a diagnostic tool for upcoming nationwide examinations on the content of the LANF.
Design
The design and validation of the instrument to measure the effect of changing the representation of the problem situation form descriptive to depictive is described extensively in an earlier article (Hoogland, Pepin, Bakker, de Koning, & Gravemeijer, 2016) . We summarised the main elements of this design and validation in the next paragraphs.
The instrument consisted of a web-based numeracy test, in which 21 problems came in either one of two versions: word problem or imagerich numeracy problem. The instrument called for problems in two versions: a word problem version (WP) and an image-rich numeracy problem version (IRP) (e.g. Fig. 1 ).
The design of the paired problems was conducted as follows. First, 40 word problems were selected from existing (Dutch) high-stakes numeracy tests, and second, 40 image-rich items were designed with the same problem situation and the same problem question. Hence, a batch of 40 paired problems in the mathematical domains of the LANF were constructed. A panel of eight independent experts in mathematics and numeracy education was asked to analyse the 40 paired problems and answer the following questions: (1)" Do the two versions of the problem test the same mathematical knowledge and skills?", (2) "If the two versions test the same mathematical knowledge and skills, are they testing on the same mathematical level?". This led to 21 paired problems for which the first question was answered positively by all, or all but one, of the experts. The experts' answers to the second question helped us for the final instrument, so that the selected problems were spread evenly around the domains of the LaNF. The original 40 paired problems and the final instrument with 21 paired problems in both Dutch and English are available under open access (Hoogland & De Koning, 2013) . In an earlier article we reported on measures to counter threats to validity (Hoogland et al., 2016) .
To each participant, a test was delivered of 21 problems presented in either the IRP version or the WP version, with a minimum of 9 and a maximum of 12 of each version, randomly assigned. The order of the problems in the test situation was again randomised for each participant. By this design the trial fulfilled the conditions of a randomised controlled experiment -the characteristics of the participants answering the IRP version of a particular problem and the characteristics of the participants answering the WP version of that problem are highly likely to be the same. This holds for the measured characteristics as well as for the characteristics that were not measured. The manipulated variable is the version of the problem (WP or IRP); the dependent variable is the student's score on the problems.
Participants
In a four-week period, the test was available on the internet for schools to use as a numeracy test. In total, 31,842 participants, from 179 schools geographically spread across the Netherlands, took the test. Table 1 shows the number of participants from different age groups and different educational streams in the Dutch school system. From the total student population in the Netherlands around 2% participated.
In the Dutch school system, primary education is for 4-to 12-year olds and runs over eight grades (K-6). In secondary education, the Netherlands has a highly streamed school system. VMBO is a (pre-) vocational education stream for 12-to 16-year olds; HAVO and VWO are the general secondary and pre-university streams that prepare students for college and university respectively. MBO is a tertiary vocational stream that is a follow-up to VMBO and is intended for 16-to 20-year olds.
Of the participants, 49.5% were male, 49.1% were female and for the remainder the gender was unknown. Of the participants, 23% were considered to be of a migrant family and 77% not. In line with the definition by Statistics Netherlands (CBS) a participant was considered to be of a migrant family if the participant or one of his/her parents was born outside the Netherlands (CBS, 2012). The percentages of gender and ethnicity in the various school types were close to the national percentages (CBS, 2012) . Therefore, we assumed participating schools to be representative of Dutch schools in general.
Tasks
Each problem in the web-based test was presented as screen-filling. The question was posed at the bottom of the screen. Below the question, the numerical solution to the problem could be entered and was computer-scored as right (1) or wrong (0). Fig. 1 provides three examples of paired problems with a WP version and an IRP version.
Procedure
Each participant was assigned a personal activation code to begin the digital test with the 21 problems. Participants conducted the test on-screen at an internet-connected PC. For the total test, a time limit of 60 min was set, which was sufficient for the participants to complete the test. An online calculator was allowed in solving the problems. All answers to the problems were numerical values, to be entered into an answer field by the participants.
The participants' answers for each problem were scored and recorded. After finishing the test, a short digital questionnaire was administered to each participant to collect the following additional data: school type, grade level, gender, ethnicity, age and math grade (test or student report) last received. All data were recorded anonymously in a research database.
After the experiment the test as a whole was evaluated by analysing the mean score for each item across the whole cohort and the item-restcorrelations. The correlation between the score on one item and the average score of the other items can reveal whether any item in the set is (in)consistent with the averaged behaviour of the others, and if inconsistent, should be discarded. The analysis showed that none of the items failed to fulfil the requirements of an acceptable item. The mean scores of the items range from 0.04 to 0.84 and all items had positive item-rest correlations between 0.05 and 0.54. The Cronbach α for the test was 0.84, which indicated good internal consistency (Kline, 1999) .
Statistical analysis
To test the prediction, we first carried out a paired-samples t-test on the mean scores of the students on their IRP version items and their WP version items. To get more in-depth insight into the effects of the background variables on the results and their possible interaction effect with the manipulated variable, we analysed the data through a model approach. We choose for the most fitting model approach for this kind of data, namely a probit model, which is a limited dependent variable model (Long, 1997) . In a probit model the following assumptions are common: the probability that a student solves a given problem is determined by his or her "proven ability" of crossing a certain threshold. This proven ability may differ from true ability because students may not be able to show their true ability fully (Borooah, 2002) . Our prediction suggested that this is the case with word problems more than with image-rich numeracy problems, because students' abilities were impaired by characteristics of word problems that hinder the demonstration of their full potential.
We can then build the model of proven ability y = α 0 + α 1 v + α 2 x + ε and formulate the probabilities of answering an item correctly:
Proven ability y was not observed directly, but was only indirectly reflected in the student's results in solving the presented problems. We assumed that a problem is answered correctly if proven ability y crosses a threshold value δ. The dichotomous variable z took the value 1 when the problem was answered correctly (y ≥ δ) and 0 when it was answered incorrectly. We further assumed that proven ability y was normally distributed and depended on several background variables that as non-manipulated independent factors contributed to the measured outcomes on the problems: school type, grade level, gender, ethnicity, age and mathematics grade last received. In the model y = α 0 + α 1 v + α 2 x + ε, v is the manipulated dummy variable version: for word problems version = 0; for image-rich problems version = 1. The vector x can consist of one or more of the non-manipulated independent variables presented in Table 2 . The error term ε represented unobserved variables affecting ability. In the model ε can be treated as a random variable with a normal distribution with mean 0 and y is scaled in such a way that the variance of ε is equal to 1. So, y defined a probit model Note. n is number of participants. Note. α i ,j is the corresponding coefficient in the probit model with reversed sign. For all dummy variables the coding is: 0 = not in this level, 1 = in this level.
from which consistent estimators for the coefficients α 1 and α 2 can be obtained by maximizing the likelihood function. The participants were asked for their age, but since age is dependent on grade level, we changed the variable age to relative age (Agedev) as the deviation of a participant's age to the average age of all participants in the same grade level. Maths grade was the last test grade or report mark the participant received for his or her mathematics performance. It was an indication of the mathematical ability of a participant relative to the abilities of other participants in the same school level and grade level.
Results
We first conducted a classical analysis of the test results to get an overall idea of the average students score on the word problems and on the image-rich numeracy problems. Second, we conducted an in-depth analysis using a probit model, taking into account the possible effects of other variables and the possible interdependency of the involved variables.
Correct scores of the participants
We analysed the data as a set of 31,842 paired observations, where for each participant a pair of observations consisted of the mean score of that participant on the WP version items and the mean score of that participant on the IRP version items presented in his or her test. We conducted a paired samples t-test on the mean correct scores on items of both versions and found M(A) = .436 (.234), M(B) = .455 (.237), and a difference of .019(.202) with t = 16.84, which was statistically significant (p < .001), and we found as effect size Cohen's d = 0.09. This result indicated that the students' average performance on the IRP version items was a statistically significant two percentage points higher than on the WP version items. The data therefore supported our prediction. However, the effect size of Cohen's d = 0.09 could be considered very small.
In Table 3 we present the results of correct scores on all separate items and we distinguish for the main conditions: school type, gender, and ethnicity. For all these subgroups we found the same pattern.
Results from the probit analysis of three expanding models
The probit model was used to investigate how the background variables, alongside the manipulated variable (IRP version versus WP version), contributed to the correct scores on the items. In the probit model we considered the data as a set of 31,842 times 21, which is 668,682 item scores. In this approach we considered the trial as 668,682 observations of student behaviour on individual items. The probit model analysis related the probability that a student solves an item correctly to a set of independent variables.
In Table 4 we present three runs of the probit analysis with an expanding number of non-manipulated independent variables. Given the large number of participants and the small differences in scores, we used p < .001 for significance. In model 1, VMBO-BB, VMBO-KB, VMBO-GT, HAVO, VWO were treated as an aggregated group and acted as the reference group.
From Table 4 we concluded that the positive effect of the IRP version on a correct score on an item is significant and stayed significant if other variables were taken into account. As a caveat note that the values of the coefficients are not indicative of the magnitude of the effect, but the sign of the coefficients give its direction. Table 4 showed that adding variables hardly has any effect on the coefficients. This meant that the model and the outcomes are quite robust and only depended to a small extent on a particular choice of variables. Table 5 presents the marginal effects calculated from model 3. In the probit model the marginal effect of a variable is the increase in probability of answering an item correctly under the condition that all other variables are at their mean. The marginal effects can be considered as a measure of effect size, but this must be done with great prudence (Hoetker, 2007) .
The marginal effects presented in Table 5 can be interpreted as follows. The variable version had two values: 0 for the word problem version and 1 for the image-rich version. Changing the representation of the problem from the WP version to the IRP version resulted in an increase of two percentage points in overall students' performance. Let us compare this with the effect of gender. The variable gender has also two values: 0 for female and 1 for male. The conclusion is that male students scored overall five percentage points higher than female students on the problems presented.
From the marginal effects we concluded that when the problem is presented with the IRP version rather than with the WP version, the chance of a fictitious participant answering an item correctly increased by around two percentage points, assuming that all other variables are at their mean. This was consistent with what we found in Table 3 .
The variables regarding school type (BO, VMBO-BB, VMBO-KB, VMBO-GT, HAVO, VWO, MBO) were statistically significant and the sign of the coefficient was consistent with the increasing levels. The variable gender was statistically significant and the coefficient indicated that males had a higher chance than females of getting an item correct. The variable ethnicity was statistically significant and the coefficient indicated that the chance of answering an item correctly was lower for participants from migrant families than for participants from non-migrant families. The variable math grade was statistically significant and the coefficient indicated that participants with a higher math grade had a higher chance of answering an item correctly.
Overall we concluded that the variable version was significant, but with a very small effect. This effect was comparable to the effect of being from a non-migrant family or of having a higher math grade. The effect was less than that of gender. In the next section we analysed in more depth the interaction effects of these variables.
In-depth analysis with interaction terms
An in-depth analysis was carried out by investigating how the manipulated variable version interacted with the other, non-manipulated, variables. In our model the variable version v is the manipulated variable: for word problems v = 0 and for image-rich problems v = 1. The interaction between variables can be examined by including so-called interaction terms in the probit model. For instance, the interaction between the variable version and the variable BO can be examined by incorporating a variable version * BO in the model -this indicates the degree of interaction. In the first column of Table 6 seven interaction   Table 3 Correct Scores of Participants on word problems (A-version) and inage-ricgh problems (B-version). Note. n is number of participants. M is mean score over all participants and per condition with standard deviation in parenthesis.
terms were added. After running the model, Table 6 showed that none of the interaction terms were significant. Although interpreting interaction terms in non-linear models is hazardous (Ai & Norton, 2003; Greene, 2010) , the global picture showed that the effect of the variable version was independent of school type.
Next, we added in the probit model the interaction terms of the variable version with the variables gender, ethnicity, age deviation, and math grade last received respectively. In the first column of Table 7 these five interaction terms can be seen. After running the model, Table 7 showed that none of these interaction terms were significant.
Furthermore, we checked the interaction between being in a specific school and the variable version to investigate whether better scores on IRP versions could be explained by the fact that some schools specially trained students for these kinds of problems. In the probit model we checked for this interaction by incorporating each of the 179 schools as a separate variable and studying the interaction terms with the variable version. The interaction terms school nnn * version were not significant. There was no indication that the effect of the variable version was caused by specific schools.
Discussion and conclusion
Students' difficulties with the genre of word problems is a serious educational challenge. These difficulties are becoming increasingly relevant since word problems are used more and more for high stakes testing and international comparison studies (Hoogland & Stelwagen, 2011; OECD, 2012; Palm & Burman, 2004; PIAAC Numeracy Expert Group, 2009 ). Several researchers (Gravemeijer, 1997 (Gravemeijer, , 2009 Greer, 1997; Palm, 2008) have theorised on improvement of word problems in assessment situations and the way they are used in classroom practice. In addition, there is ample empirical research on the effects on students' performance of changing the design of the problems or of changing the classroom setting in which the problem solving takes place (DeFranco & Curcio, 1997; Reusser & Stebler, 1997; Wyndhamn & Säljö, 1997) . A common factor in the findings is that making the problems more reallife could reduce both the "suspension of sense making" (Schoenfeld, 1991) and the predominant calculational approach (Thompson et al., 1994) , and could result in better student performance.
The present study extended that body of knowledge by investigating the effects of changing specifically one aspect of existing word problems -the way in which the problem situation is represented -from primarily descriptive or verbal, as is common in word problems, to primarily depictive, using photographs as representations of real-life situations. This is commonly used in contemporary multimedia lesson materials and multimedia assessment tools (Mayer, 2005) . In our study we paid special attention to the authenticity and the relevance of the depictive elements. As the goal is to assess whether students can apply their mathematical concepts in real-life situations, the use of representations of authentic situations seems self-evident. At the same time, one can argue that every representation of "reality" creates its own reality or its own genre of realities (Gerofsky, 2009 (Gerofsky, , 2010 . Nevertheless, there are indications that more depictive representation of the problem situation can counteract to a certain extent the difficulties students have with word problems. From a cognitive psychology perspective it is argued (Schnotz et al., 2010 ) that a more depictive representation can help students make a relevant (mental) mathematical model of the situation, which can lead to more success in solving the problem.
Comparing our results with those of other similar studies, it has become clear that positive effects on students' results can only be established when the used images are close to the real-life problem situation, relevant and an integral part of the problem situation. This could explain why in others studies lower scores have been reported (Berends & van Lieshout, 2009) or no effect (Dewolf et al., 2014 (Dewolf et al., , 2015 . The results of our study can also be contrasted with results of studies that focus on the use of drawings by students as part of the problemsolving process. Most of those studies found that when students used relevant and structured diagrams they performed better, and when they used more pictorial sketches they performed worse (Boonen, van Wesel, Jolles, & van der Schoot, 2014; Elia, Gagatsis, & Demetriou, 2007; Hegarty, 2004; Krawec, 2014; Van Essen & Hamaker, 1990; Van Garderen, 2006) . In all these cases the relevance and appropriateness of the depictive elements were of major importance.
From the perspective of Cognitive Load Theory (Sweller, 2010) one can argue that redundancy and split-attention effects due to using visual representations of the problem situation in a classroom problem, could have a negative effect on better result. Weighing the arguments of the different perspectives, in the present study the prediction was that students would score better on numeracy problems where the problem situation was represented as closer to real life by using relevant and "realistic" depictive elements.
Reviewing the literature, we expected a small positive effect on students' results by replacing the descriptive representation of the problem situation with a more depictive one. This was actually what we found: the effect of a mainly depictive representation on participants' correct scores was around two percentage points, which was statistically significant with a very small effect size. Although the effect was small, the result of a two percentage points increase is a noteworthy effect, in particular in large-scale assessments.
Changing the representation of the problem situation was not a teaching intervention, unlike the teaching programs and long-lasting interventions that were compared, for instance, by Hattie (2009 Hattie ( , 2015 , who reported an average effect size of .40 for major educational interventions that ranged over several months. It would be surprising or even dubious if the changes we made should have an effect size that could compare with that. The effect size found is comparable with the findings of Slavin (2016) on large randomised studies in education. Because of the expected small effect size, we paid special attention to the power analysis. To be able to draw inferences about such small effect sizes a large sample is necessary. Ellis (2010) suggests a sample of well over 5000 participants to be able to draw inferences about effect sizes around d = 0.10. The sample in our study was big enough to fulfil these conditions. The measured rise in performance of 1.9 percentage points in our study came with a 95% confidence interval of [1.7; 2.1]. Combining this with the fact that a two percentage-point rise in performance in large-scale testing could make the difference between passing and failing for many students -in our sample around 600 students -, we were inclined to conclude we had a noteworthy effect, which needed, however, further research and analysis to come to possible recommendations for practical use.
This conclusion was strengthened further by excluding other factors that could cause this effect. Because of the large number of participants, we were able to investigate whether the variable version was interacting with background variables of the participants by incorporating interaction terms of the variable version with background variables and with specific school variables. We checked this with a significance level of *p < .001. None of the other variables had significant interaction with the variable version. We found that the measured result is robust, meaning that the variable version was the sole factor that explained the increase in students' results.
In conclusion, we found that the students' better scores on our image-rich numeracy problems than on comparable word problems could be attributed with high certainty to the representation of the problem situation. This result supported our prediction that using visual elements in the representation of the problem situation close to a reallife problem situation could possibly prevent to a certain extent the suspension of sense-making and the calculational approach that occur so frequently when students are solving word problems in classroom and assessment situations. Further research could investigate whether specific task characteristics had an influence on the measured effect. For instance, the domain of the tasks and the wordiness of the word problems could be of effect. Other future research to find possible explanations for the measured effect could be in the realm of solution times, strategy selection, problem-solving behaviour, or other explanations on the cutting edge of mathematics education and cognitive and neurosciences.
The results of this study should also be interpreted with an eye on their limitations. One limitation was the small number of 21 paired items used in the trial. If we had anticipated that more than 30,000 students would participate, we could have pooled more items, a strategy used in international assessments such as PISA (OECD, 2012) and PIAAC (PIAAC Numeracy Expert Group, 2009 ). Furthermore, the study focused on students' scores and not on their actual behaviour. The actual behaviour of students when solving image-rich numeracy problems could be quite different from their behaviour in solving word problems. Investigating this behaviour, for example by observation or by eye-tracking, could offer more detailed explanations for the results in this study. It could also give further insights into the balance between the positive effect on the scores from decreasing suspension of sensemaking and the possible negative effects on the scores caused by redundancy and split-attention effects.
In our view, our findings can act as a good starting point for further research into the effects of representation of problem situations on students' performances. Furthermore, the results could be an incentive for designers of teaching materials and assessments to (re)consider the chosen representations of reality in their products. Overlooking the body of literature on solving contextual mathematical problems and the role of depictive elements in the design of the problems and/or in the solving of the problems by the students, we suggested a short checklist regarding the images used:
• Are the images realistic and relevant for solving the problem (in contrast to cartoon-like and distracting)?
• Are the images an integral part of the representation of the problem situation (in contrast to mere illustration)?
• Are the images relevant and consistent with the envisioned mathematical concepts and mathematical models that are involved in the problem solving (in contrast to irrelevant or even confusing)?
Using such a checklist could make studies on this topic and their results more understandable and comparable.
Using word problems in assessing mathematics and numeracy tests is not a typical Dutch phenomenon. In many countries around the world verbal descriptions of real-life phenomena are common practice, in textbooks and assessment/test items. Hence, the results of this study is of relevance for anyone involved in using word problems in text books, in tests and in (international) assessments. In large scale evaluations of educational attainment, such as PISA (OECD, 2017) and PIAAC (OECD, 2016) , it would be appropriate to develop a heightened awareness that choosing a representation of reality in assessing students' skills could influence students' results.
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